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ABSTRACT 

One way in which the computer can be used in a teaching 
situation is by making available to the instructor a computer 
language which permits him to prepare course material accord- 
ing to the precepts of programmed instruction. The computer 
then administers the course to the student in the manner pre- 
scribed by the instructor. This method is developed using 
a typewriter as the computer input-output device. The potential 


role of computer assisted instruction is also discussed. 
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ie, Introduction. 

It is generally accepted in the educational community that there 
is now, and there will be in the future, an increasing shortage of 
qualified instructors and educational facilities at all levels. 

To alleviate these problems, attempts are being made to develop 
more efficient educational processes, Amongst the physical aids to 
instruction which have already been introduced are slides, movies, 
books, models, mock-ups and closed-circuit and broadcast educational 
television. More lately, programmed texts and computer assisted in- 
struction have been added, 

Programmed instruction is founded on the results of psychological 
research into the human learning process. Basically, it is suggested 
by this research that small segments of information should be pre- 
sented, followed by questions which the student must successfully 
answer before proceeding. Many textbooks such as Encyclopedia 
Britannica's TEMAC series have adopted this technique. 

Some experimentation has been conducted using electronic digital 
computers as the device to exploit the philosophy of programmed 
instruction [iuyk, 7 ,005101|) The computer's speed permits consider- 
able analysis of the student's responses so that he may be routed 
through the course of instruction in the manner most suited to his 
individual capabilities. The computer can be used at the same time 
to tabulate and analyze the student's responses. This tabulation 
can assist the instructor in evaluating the effectiveness of his 
course and the abilities of individual students and groups of stu- 


dents. 
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In the interest of economy, the computer could be time-shared 
between several students and/or instructors and could also be used 
for non-instructional tasks. 

The purpose of this paper is to discuss the programming of a 


computer for use as a teaching device and to analyze its potential. 
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ee Essential Characteristics of Programmed Instruction. 

Programmed instruction as envisioned by psychologists differs from 
conventional methods in that it programs the learning process through 
which an individual must pass to acquire specific knowledge [14]. 

It does this by presenting discrete increments of carefully ordered 
information to the student and by requiring his comprehension of each 
increment before continuing. It has the further advantage of pro- 
viding the student with immediate feedback concerning the correctness 
of each of his responses. This permits self pacing and tends to 
produce a lower error rate, 

To be of value, programmed instruction must either assist the 
instructor in his normal task and/or replace some of his efforts by 
a procedure which is at least as effective as his normal teaching 
processes. Since face to face contact is not a characteristic of pro- 
grammed instruction, some tools, such as personal observation, will 
not be available to the instructor. On the other hand, some teaching 
techniques can be implemented very effectively. 

The important psychological principles behind the learning process » 
are [2] : 

a. Participation. The more actively a student participates 
in a learning experience, the more attentive and motivated he is, the 
more he retains, and the more effective is the experience. 

b. Reward, Students learn best when their efforts are 


rewarded. 
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c. Immediacy of reinforcement. The more immediate the 
acknowledgment, reward and/or correction, the more effective is the 
learning. 

d. Knowledge of results. Students learn best when they 
know whether their response to a question is right or wrong. 

e. Individual difference. The closer the learning situa- 
tion matches each individual's needs, capacity, and capability, the 
more effective is the learning. 

Before computer programs (software) can be written, these prin- 
ciples must be further catagorized in relation to the mechanics of 
their application. The software must allow the author to present or 
provide: 

a. Reading assignments or textual material. 

b. Questions, 

c. Timely requests for student responses. 

d. Anticipated correct or incorrect answers to be compared 
with student responses. 

e. Comments for anticipated and unanticipated student 
responses, 

f. Branching through basic and remedial course material in 


a sequence which can be conditioned by the student's performance. 
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Se Equipment. 

The Control Data Corporation (CDC) model 160 computer was used 
for this project. It is a small general purpose computer having 
4096 12-bit words of core storage and a 6.4 usec cycle time. 
A CDC model 163 magnetic tape unit has been used for additional 
storage. The United States Naval Postgraduate School installation has 
available a CDC model 161 typewriter and a Data Display Corporation 
model 65 display unit for use as man/machine interaction devices. The 
typewriter was selected because of its relative ease of programming 


and its immediate location to the computer. 
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4, Application of the Computer to Programmed Instruction. 

In section 2, the tasks which the instructor wishes to have per- 
formed by the programmed teaching device were listed. Shorthand 
notations (pseudo operation codes) are now assigned to these tasks 
so that the computer program can recognize the instructor's in- 
tentions (Table 1). 

The author's course segments then become the arguments of the 
pseudo operation codes. Briefly, the author might supply a reading 
assignment (rd), then a question (qu), followed by anticipated 
correct answers (ca and cb) and anticipated wrong answers (wa and 
wb). Interspersed amongst the above may be comments the instructor 
desires to deliver for anticipated and unanticipated student re- 
sponses (ty and un). Labeling and branching information are also 
supplied by the instructor to control the flow of course material to 
the student. A simple example is shown in Figure l. 

Editing procedures are provided to permit the instructor to 
revise his course as required. 

The instructor is free to write his course in a manner commen- 
surate with his imagination and ingenuity; however, because hardware 
is an integral part of the system, certain rules of procedure and 
format are necessary. The computer program has been written so that 
these rules are few in number and as simple as possible. Detailed 
operating instructions for the writing of a course will be found in 


Appendix II. 
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TABLE 1. 
PSEUDO OPERATION CODES FOR USE BY THE INSTRUCTOR 
Op code Argument description : 


rd A reading assignment, textual material or 


general comment. 


qu A question to be presented to the student. 

ca The best correct answer of a set of correct answers, 
cb Secondary correct answers of the same set. 

wa The first wrong answer of a set of wrong answers, 
wb Secondary wrong answers of the same set. 

ty A comment to be presented if the student responded 


with an argument of a ca, cb, cb..... set or a wa, wh, 
wbh..... set. 

un A comment to be presented if the student response 
does not match any of the supplied answers, 


br A jump instruction. 
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first 


rd 


qu 


ca 
cb 
ty 
br 
wa 
wb 
ty 
un 
br 
lst help 


qu 
tions in two 


SAMPLE COURSE iy 
Read Section 4.1 of the course text “Modern Algebra.” 


Solve the following equations for x; 


x y= 2 
x-yz= 

3 

3.0 

Correct 

second 

-1 

-1.0 


You have solved for y. Try again. 
Check your typing and try again. 


lst help 


To solve for x, it is necessary to reduce the two equa- 
unknowns to one equation in x. The simplest way to per- 


form this operation is by adding the two equations. Now, what is 
the value for x? 


ca 
cb 
ty 
br 


un 


second eooeoeoeso 


3 
3.0 
Correct 
second 
The correct answer is x+ye=2 
rane 
x= 3 


coeooeeeeoe eo oe eo ey 


Figure 1. The use of pseudo operation codes by the instructor. 
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A separate mode of operation is provided for the student. In this 
mode the computer administers the author's course to the student. The 
sample course of Figure 1 could unfold in a different manner to different 
students as indicated, for example, in Figures 2 and 3. The student 
may also ask for help in which case the computer responds with the 
correct answer (ca). 

Student responses are recorded to permit grading and the analysis 
of course effectiveness. 

Operating instructions for the student are described in Appendix 
1 i 

The course material may be entered into the system by a typist 
or by the instructor himself. In the latter case, the instructor 
can change his role from professor to student in order to check the 


instructional mode of operation. 
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first 
SAMPLE COURSE 

Read Section 4.1 of the course text ‘Modern Algebra.’ 
(Student signals completion of the reading assignment ) 
Solve the following equations for x; 

x+y=e2 

x-y= 
3 
Correct 


second oooeeoeseeoeoeeeeoeee 2 C He eo 


Figure 2. The result of student A's enrollment in the sample 
course of Figure l. 


first 

SAMPLE COURSE 
Read Section 4.1 of the course text ‘Modern Algebra.’ 
(Student signals completion of the reading assignment ) 


Solve the following equations for x: 


x+y=e2 

x- y= 4 
k 
Check your typing and try again, 
4 


To solve for x, it is necessary to reduce the two equations in 
two unknowns to one equation in x. The simplest way to perform 
this operation is by adding the two equations. Now, what is the 


value for x? 


-1 
The correct answer is x+y=2 
+ x-yezh 
2x = 6 
es 


BSECONG? cel crsans 2 er etelw oichelors.< 


Figure 3. The result of student B's enrollment in the sample course 
of Figure l. 
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Dis System test. 

After the programming was completed, a small test course was 
entered and several ‘students’ were enrolled. It was then possible 
to test the system for proper functioning. No attempt was made to 
evaluate the effectiveness of this system in an actual teaching 


environment. 
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6. Conclusions. 

The Control Data model 160 computer used in this project proved 
adequate for this application. However, because of the computer 
program occupied two-thirds of memory, a slight problem developed in 
the manipulation of course material (Appendix IV).. In addition, a 
computer used in an actual teaching installation should have index- 
ing and memory test instructions in its machine language repertoire 
for more efficient operation. 

It was clear from the beginning that magnetic tape is not a 
satisfactory medium for intermediate storage. Its serial method of 
recording required inefficient software techniques and could lead 
to delays in operation, Both of these problems could be rectified 
by the use of random access disk files or drums. 

The typewriter is considered only moderately effective as an 


interaction device. Average reading speeds greatly exceed the out- 


put speed of any typewriter and the generation of the symbol notation 


used in some fields can be difficult or even impossible. For example, 


the manipulations required to type a definite integral belay f(x) dx 
especially from the standpoint of the student, reduce the effective- 
ness of the man/machine communication. 

A device considered more suitable for this application is a 
cathode ray tube/keyboard combination such as the Data Display Cor- 
poration model 65. Textual material could then be presented 
essentially instantaneously and modification of the character set or 


type format will generally be more feasible. 
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Industry is currently developing new devices such as the Rand 
Tablet [13] which will allow handwritten communication with the 
computer, These devices would greatly increase the potential of 
computer assisted instruction. 

The pseudo operation codes, listed in Table 1, were sufficient 
for the course tested; however, a need is recognized for the expan- 
sion of the branching code. Situations are anticipated when the in- 
structor may wish to make his branches depend upon the student's per- 
formance, as might be measured by the number of help requests, the 
number of attempts to answer a question or the time taken to respond. 
The software could easily be expanded to include these facilities. 

To fully exploit new ideas in teaching techniques, it might also 
be desirable to provide means for the instructor to change the soft- 
ware logic. This, however, would make it necessary for the instructor 
to acquire a knowledge of computer programming. 

There has been a suggestion that statistical decision theory could 
be used to automatically adapt a course to a student's learning charac- 
teristic [8]. This represents a rather revolutionary concept but 
typifies the ideas that are expected to be germinated by the presence 
of a computer in an educational environment. 

Programmed instruction, especially when computer assisted, appears 
to require a more precise approach to instruction than is the case in 
conventional circumstances. In the classroom, a teacher can react to 
each new situation as it arises, but here he must anticipate the student 


reaction to course material. Of course, the instructor could just 
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observe the tabulation of student responses and revise his course as 
required, but it may take some time to acquire a satisfactory sample 
size. In the meantime, the earlier students would suffer. The new 
thought patterns required are not considered to present an overwhelming 
burden to an experienced instructor, but he must anticipate that the 
preparation of course material will be very slow. This apparent dis- 
advantage is balanced by the fact that the material, once prepared, 

can be used repeatedly. Several publications are available to assist 
the instructor in the preparation of programmed instruction 

[ 9, lo, 12, 14]. 

There is, currently, one other aspect of computer assisted in- 
struction which may cause difficulty. When questions require lengthy 
answers, there are usually many different, but correct, ways in which 
the answer can be expressed. The computer program would have no 
difficulty in checking the answers, but the instructor would be hard 
pressed to supply all possible correct answers. These remarks also 
apply to plurals, contractions, punctuation, etc. For this reason 
computer assisted instruction is likely to be more easily applied in 
the fields of the exact sciences. 

At this point, it might be well to point out that the software 
has been developed with the prerequisite that communication with the 
computer should be as effortless as possible or, in other words, that 
the instructor should be isolated from computer programming. To 
realize this goal a rather complex system program is necessary and 
it is estimated that a complete system would require in the order of 


one man year to develop. 
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Not yet mentioned is the question of cost. Although several organ- 
izations have been experimenting with computer assisted instruction, no 
industrial firm has yet reached a stage of development that would 
permit cost analysis, At the moment, it is not even clear if it would 
be more economical for a computer assisted instruction system to be 
set up with its own small computer or whether it should share part of 
the operating time of a large computer system. Other important factors 
include: the potential for reducing the class contact time of the in- 
structor, student usage, and the time required to write a course. The 
high cost of computers would seem to indicate a high cost of operation; 
however, it is suspected that a well designed system when optimized in 
relation to modern hardware technology and the other factors mentioned 
above could produce a very reasonable cost per student hour. 

There has been some effort to compare the effectiveness of computer 
assisted instruction with classroom instruction ae Although 
this author feels that the sample size in many cases was too small to 
be decidedly conclusive, these studies indicate a slight advantage to 
computer assisted instruction. The system discussed in this paper was 
not used in an actual teaching situation; however, feedback to the 
student was found to be extremely fast---so much so that, at times, it 
was disconcerting. This by itself is not conclusive since the quality 
of the feedback is still determined by the instructor; however, it 
does indicate that computer time is available to incorporate other 
desirable features as discussed earlier in this section, 

Computer assisted instruction is viewed as a potentially powerful 


addition to the teaching art. 
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APPENDIX I 
EQUIPMENT OPERATION 
be Computer 

The program is loaded at program address 0000. Run the program 
from program address OOOO. 

Axe Tape unit 

The course tape is loaded on the CDC 163, which is set to unit 1 
and coded parity. 
a. Typewriter 

Check power on, disconnect switch to AUTO, and the control switch 
to COMPUTER, Set the first tab stop 10 spaces in from the left mar- 
gin. 

At the start, the computer will request the administrative infor- 
mation described in Appendix II. When the instructor mode is indicated, 
the computer drives the typewriter to the first tab and types a colon, 
A carriage return at this juncture indicates that a label or special 
author function is to follow. If a carriage return is not hit, the 
computer expects a legal pseudo operation code to follow. 

Two double character codes are accepted. A double period sig- 
nifies an ‘end of block.’ A double comma in the instructor mode orders 
the computer to erase the present line. A restart occurs where the 
line began before the erase call. In the student mode, the erase code 


is a carriage return. or a double comma. 
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APPENDIX II 
OPERATING INSTRUCTIONS FOR THE WRITING OF A COURSE 
The complete list of pseudo operation codes is shown in Table 2, 
Rules of format are as follows: 

a. Labels and the op-codes FINIS, STUD and PROF are always 
written at the left hand margin. 

b. All other operation codes are written at the first tab 
as indicated automatically by the computer. 

c. Second and successive lines of an argument may start 
anywhere and there is no limit set on the length. 

d. The termination of labels and the arguments of the pseudo 
operation codes is signaled by the end of block (EOB) code. The com- 
puter will respond with a carriage return. 

Rules of procedure are as follows: 

a. A reading assignment must be followed by another reading 
assignment or by a question. 

b. A question must be followed by a correct answer (ca), a 
comment (ty), or a branch (br). 

c. A label or the argument of a branch must be ten characters, 
or less, in length. If more than ten characters are written, the com- 
puter will accept only the first ten. 

d. The operation codes "ca" and “cb” are part of a set as 
are ‘wa’ and ‘wb’. This allows the instructor to initiate the same 


comment (ty) or branch for a number of student responses. 


19 


Le 6 
9 _ a ~~ 
: Aan TT. ViTAwMeeda 


© 
— »S 
A 


1 
: = eo, ee oat 
ars ee ieee MEL pe Lee Oh cos 
; me i io: ), ara ey ROT MOT TOUS m2 .  & 
Slipet*” "ee. . 2eG ae ek Sei 
+ iT ap 


mi oF 
Sader ot mworie ai s9b09 nol 3ax990 bung 20 elt ‘aa iqnos wT 
‘oo 7 vethe ; a 
_ 3 


? : sawollo3 an SIA aera A sha ot ‘ 7 
: pay gore 
aslo! 78 YOR bos auTe errite webo2-qo | oy cin: sleds: spit 


v | a | | nigzam baad stot aes Si a7 iy 
_ a } : : 
*q 


, d83 Jatt? of 3a asditaw ore | abd: aut teyego aadso. AIA id, : 


Nee! 


. ToIduqmo> ‘ie vd elo samosas bovasiiber 


33836 yan Insaty se os Io aentt sviezssous bap. banoee sa) Via 
: iy 


i dagnol od), 14 J98 Aleit on ek syed? bas ae 


i fe ia 
obuseg 94220, sjasmugze 9d3 bas elect Yo nob I eqierss oat 5 a “4 


vax _ =@09 adv -.sbos (803) Asofd de bas ads xd beisngie ei eabas noksereqo. 


amas -sg8lisso 8 diiw baogedy Fite xesuq ; 


7 
v2 


~iecsles 88 9X4 s1ubs2079 io esleR | ca 


‘< > pthbaer | sadaoria ud bawollei sd- sanm jnsangiese afihess A 8 


norjeeup 6 yd 1o Jnemagiecs 
® (82) fewins Joerr0> & yd bewollot od seup noljesup A id 
(2d) Hootad & ro .( 43) semamon f 
ae — faeiany aio n93 od geum dougtd 6 Yo Inamigte std xo Iedal -A 0 
ric & se | 
ay _* sae ens .rosdtrw S 814398 7ai> cs) pedi syom TI .sogpel w) eee! 10 


= ~ Pals 093 Jexti ody ylao sqeocn Iilw aeijug 
a 


A 
is 


7 +s a | ‘% i 
sa 7 eB jae 4 30 J38q 918 da bes 62 wabox goliazeno sdT  .b 
_ hae 


‘ < P Lad LF | 1s a} y 
OMGH 30) SISiJini O3 ToJoutjanh sda _lewslia elif . dw boat aw eae y 


~Peenoqesart jonghujsa’ To  vedmun 8 Yo? donetwd v6 (vo) ineawos> 


vf 


e. Comments for unanticipated student responses (un) are 
listed at the end of a course block -- just before a new label -- but 
may be followed by a branch. 

The instructor is then free to use the operation codes as he pleases; 
however, there are two features of the student mode which the instructor 
will have to keep in mind. When a ca’ or ‘cb’ operation code is suc- 
cessfully executed, the program will proceed to the next ‘rd’ or "qu, 
after typing any "ty" arguments associated with the da.’ = "eb" group. 


) a 


This action may be modified by the use of a branch. When a "wa' 
or ‘un’ operation code is successfully executed, the computer will wait 
for another student response to the present question after typing any 
“ty” arguments. In other words, the program loops back to the "ca 
following the present question. Again a branch will modify this pro- 
cedure and if a branch is not supplied after the last un’ argument, 
further unanticipated responses will cause a loop condition until a 
correct answer is finally given. 

A sample course as actually entered into the computer is shown in 
Figure 4. 

The computer will output comments to the operator at certain times. 
These messages are listed in Table 3. Unfortunately, the computer can- 
not anticipate the instructor's intentions and some course error 
messages will appear only in the student mode; therefore, it is recom- 


mended that the instructor assume the role of a student to check his 


course. 
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TABLE 2 


PSEUDO OPERATION CODES 


Op code Argument description 
rd A reading assignment, textual material or general comment. 
qu A question to be presented to the student. 
ca The best correct answer of a set of correct answers. This 


could be the only member of the set. 
cb Secondary correct answers of the same set. 
wa The first wrong answer of a set of wrong answers. This 
could be the only member of the set. 
wb Secondary wrong answers of the same set. 
ty A comment to be presented if the student responded with 
an argument of a ca, cb, cb.... set or a wa, wh, whb..... 
set. 
un A comment to be presented if the student response does 
not match any of the supplied answers. 
br A jump instruction, 
SPECIAL FUNCTION CODES 
Label field Description 
Instructor codes 
FINIS This code signals the completion of the segment of the 


course the instructor wishes to write at one sitting. 


STUD This code will switch the instructor into the student 
mode. 
PROF This code will switch the instructor back into his own 


mode and is used only after the use of STUD. 
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Student codes 

GO TO XXXX The XXXX is a four digit label identifier obtained from 
the course index. This statement is used by a student 
when he desires to go to a different course area, 

HELP When typed instead of a normal response, the computer 
gives the correct answer to the current question. 

STOP Indicates the student desires to terminate his instruc- 


tion. 
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NOES ao 


TYPE S FOR STUDENT OR P FOR PROF. 
P 
TYPE O FOR OLD OR W FOR NEW 


n 
firstee 
3rd SAMPLE COURSE - 
Read Section 4.1 of the course text "Modern Algebra." 
ee 
7qu Solve the following equations for xs 
t oe 
x+yr2 
xe y= 
SCA Zee 
scb 3Oee 
sty Correcte ee 
sbr seconde. 
swa mlee 
$wb -1.0ce C 
sty You have solved for ye Try againe oo 5 
sun Check your typing and try again. .. 
ebr lst helpee 
lst help... 


:qu To solve for x, it is necessary to reduce the two 
equations in two unknowns to one equation in x. The simplest way to 
perform this operation is by adding the two equations. Now, what is 
the value for x?.. 

3cx 
ERROR IN OP CODE, TRY AGAIN, 

3ca 300 

scb 3.0c6 

sty Corrects ee 

sbr seconde. 

sun The correct answer is; 


Line erased. 


seCOnd ee 

:qu (more course would be added here) WE will insert 
' gome random material. .. 
' :ca 54606 * 
sty, You are correct. oe ; 
sty This exercise is continued on the nak Pages ee 


Figure 4. A sample course as entered into the computer. (Page 1 of 2) 
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ee sJO8TTOD O61 Wot va" 


txea oi} ap bownlinoo eb eetorexo elect oF; 


fe = 


sun You have given an answer which is not logical. 
Try againe oe ; 
ine third... 


stud... Here the author wishes to check his course ) 
TYPE DESIRED 4 DIGIT START NUMBER 


OOO1.« 
first ooo1 
SAMPLE COURSE 
Read Section 4.1 of the course text Modern Algebra. 
Solve the following equations for x: 
x+y=e 
x= y = 
Te e 
Check your typing and try again. 
wlee 
You have solved for y. Try again. 
helpee 
THE CORRECT ANSWER IS 
3 
3e50 
Correcte 
second 0002 


(more course would be added here) WE will insert. 
some random material. 


O47. e 
You have given an answer which is not logical. 
Try again. . 
prof. (Here the author returns to writing his course) 


YOUR LAST COURSE RECORD IS: 
second 0002 
qu (more course would be added here) WE will insert 
some random material. 
ca 546 
ty You are correct. 
ty This exercise is continued on the next pages 
un You have given an answer which is not logical. 


Try again. 
br third cook 


finis.. 
TYPE S FOR STUDENT OR P FOR PROF, 


Figure 4. A sample course as entered into the computer. (Page 2 of 2) 
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APPENDIX III 
OPERATING INSTRUCTIONS FOR A STUDENT 

At the start, the computer will request the student's name. 
The student enters his name on the typewriter and types an EOB. 
The computer will then generate the following message: ‘TYPE 4 
DIGIT START NUMBER, This number (greater than 0000) refers to 
the label identifier listed in the course index. After being in- 
formed of the desired starting point, the computer will go there 
and start the course of instruction, 

Anytime the typewriter is positioned at the left hand margin 
and the INPUT light is on, the computer is waiting for a response 
from the student. In the case of a reading assignment, textual 
material or general comment just preceding, the proper response is 
an EOB code. In all other cases the student should type his answer 
followed by an EOB code. 

Several special codes may be used instead of a normal response. 
"HELP will signal the computer to produce the correct answer to the 
question. After the correct answer has been typed out the computer 
will wait for the student to type back the answer exactly as it was 
given. If the student desires to skip or return to a given course 
area he types "GO TO XXxXx'', XXXX is the same number described in 
the first paragraph. The code word "sToP' will terminate instruction. 
All special codes must be followed by an EOB. 

If the student makes a typing error, a carriage return will 
signal a erase code. 


Refer to Table 3, Appendix II for error messages. 
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APPENDIX IV 
SOFTWARE SPECIFICATIONS 

All information processing is performed in BCD code. All char- 
acters are handled in packed form --- two BCD characters per computer 
word. 

Course information is recorded on magnetic tape in 100 BCD 
character record lengths. A typewriter line comprises one record. 
The line is transferred to tape when a carriage return key is hit. 

A course block is considered to be that section of course mat- 
erial between labels but including the identifying label. An 
end-of-file mark is written on the tape just before a new label. 
Course material is read into the computer memory by course blocks. 
The present program length restricts course block lengths to a max- 
imum of 42 typewriter lines. 

Only 54 of the 64 possible octal codes are utilized for char- 
acter representation. Six of the remaining codes were used to 


identify special course and typewriter functions as follows: 


Tab 51 Carriage Return 55 
Backspace 56 Upper Case 16 
Lower Case 76 End of Block 36 


The computer ignores spaces in the arguments of the codes 
"ca, "en 5 ‘wa’, and ‘wb’ and in the student's response, 

In the instructor mode, the software generates a symbol table 
to store information regarding labels and the branch arguments. Each 
entry in the symbol table occupies six computer words and its bit 


structure is depicted in Figure 5. This symbol table is located at 


the end of a course tape. It is read in when the instructor mode 


rat f 


Jats 303 basittah ote eaten Lasse stdienag WS ads 0 Ke eee) 
63 benv sxou goboo grtntesier wily 20 x22 opiyeansnerqas 79338 
ravoLtok ef eckson ~a2tmwages bri abmuos Htseqe eRigaabt 


22 Aauied sgetiaD 2 rt 
af aand zeqqu BR amma ) 
ae daols 36 bid “BY Saad. towel 

saboo 33 Jo sonemugae sd2: at deonqe waxange ‘sesuqmi dT 
-senoqest e'twabyse add nt bos wii |i" has ow. do "as" 


sides lodaye & sotarearag atowsior sid ,vbor odouTIant sf? nt 
Aoe3 .eanomugre Honasd odd bno eiedal gndbrages notseenotal sz0t8 03 
jid a3t boa ebi08w s o3uqmon via asiquoco sldea lodmye e439 at yaIHne 
gn boraoc! et elder lLodeve wlfiT .2 saugit ao) besoiqah et etudsourie 


obom voJsux3en) oft aedw nt bear 22 31 =. 8qnd aBTUOD 6 30 bos off 


1s 


is called and is dumped to tape when the instructor mode is terminated 
by the label "FINIS . Figure 6 depicts the magnetic tape layout. 

The flow diagrams are shown in Figures 7, 8 and 9. 

The computer listing is contained in Appendix V. Definitions 
of significant symbolic addresses are given in Appendix VI and a 


cross reference table for the listing will be found in Appendix VII. 
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Computer word: 


Word Bit Use 
1 11 A "1" indicates the symbol is used as a label, 
10 A "1" indicates the symbol is used as a branch. 
9 Not used, 
8-0 A three digit octal reference number assigned to 
the symbol. 
2-6 Symbol characters packed two per word. 


Figure 5. Bit structure of a entry in the symbol table. 
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Figure 6. Magnetic tape layout. 


29g 


- 


Ne ~ ih 


i ©; ta ae 


— 


el ss ll boty ha Looms. ona so%eokbat Th 
ys ily ae 
ons a ia bane 2 foams ont asaaotbat be 


bee 36M 


4 bongtane ved sons1s} 97 Iai30 igi out * oS 6, 
oF | fodnye ede 


por, pe ows. bedoaq sxeI2etesi> Lodmye 


0 


baa fodal 

Ssatwo> 
ielwvoedan 

siqtifue) 


a.) (abr0267 


“ee. 
ni asiajae 


sides Llodmys 


a F 
.Juovel eqas aijdqgeM .o wrught 


MASTER PROG, 
ON PAPER TAPE 


Figure 7. System Flow Diagram - Mode Control. 
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Figure 8. System Flow Diagram - Instructor Mode (Page 1 of 2) 
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Figure 8. System Flow Diagram - Instructor Mode (Page 2 of 2) 
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Figure 9. System Flow Diagram - Student Mode (Page 1 of 3) 
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This listing was generated using the OSAS system which is a 
two pass assembler written for use with the CDC 160 computer. 
The CDC 405 card reader was used for symbolic input and the 
CDC 1607 magnetic tape units were used for intermediate input/ 


output, listable output and binary output. 
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APPENDIX VI 


DEFINITIONS OF SIGNIFICANT SYMBOLIC TERMS 


Symbol Definition or description 

OUT IND Index for the typewriter output buffer. 

TYPBUF Temporary storage for the first word of each line. 
LASENT Last word address of storage used by the course block 


in the computer. 


LANUM Last current reference number of the symbol table. 
GOTO Temporary storage for the argument of the GOTO request. 
EOBFLG A "1" indicates an EOB code has been encountered in the 


conversion routine, 
CASE Beh" flags upper case, 
TEMLTR Temporary storage for the most recent input typewriter 


character. 


NAMBUF Index for student name buffer area, 

NATCOL Variable index used in a symbol table search. 

MATIND Indicates the last word address of the current symbol 
table. 

BUFCOL Start of course storage area. 

BUF IND Index used for proceeding through course material, 

OLD Start of routine that searches tape for the beginning of 


the symbol table. 


RST Read symbol table. 

START Beginning of instructor input program. 

CRA Routine to analyze the contents of the label field. 
LALIM Label field character limit. 


88 


sete a ms sme mane en : 


| . 193983699 
-famsee ofdss fodaye 4 ot beew xabat sidetrey 


fodays snezxw9 sd3 Yo exsrbbe biow seal ads aoxsotbal 


.oldas 
- 897% opexare eekueo do 37834 
-Ieltaesjam eexvos dquords gnibsesorq 10Ot been xebad 
Se tiahaas ate nk uns dees 2303 ee 
akdas lodmye sd3 
-mexgotq Juqni osourinnt to yntaniges 
-bield Ledal ons to intl eid ssylens o3 sntIwok 
,dtmki retoezads biel? LedaJ 
58 


LAIN 

MATCH 

NOMAT 
(NOMAT1 ) 
STDUMP 

NCR 

NORMOP 

NXLN 

BRNOP 

BRLIM 

BRIN 

STUDNT 

START2 

INRES 
RIGHT(RIGHT1 ) 
WRONG (WRONG 1 ) 
UN 


BR 


BCDOCT 
(z9z001 ) 


TASTAT 
(z9z002 ) 


Actual start of label field cracking. 

Seeks match for entry in label field. 

Entry point when no match has been found for the label 
(branch), 

Symbol table dump to tape routine. 

Routine to analyze op code field. 

Normal op code has been used. 

Next line. 

Branch op code was used, 

Branch argument character limit. 

Branch analysis routine. 

Entry to student mode. 

Re-entry to student mode once established therein. 
Input student response. 

Entry point for a ca/cb (wa/wb ) successful execution. 
Entry point for an unsuccessful ca/cb (wa/wb ) execution. 
Process UN argument. 

Process BR argument. Also entered at BR + 13 for GOTO 
statements. 

Special BCD to octal conversion for the number of words 
in the label-branch symbol table. Entered with two BCD 
numbers in TEMPO, Leaves OOXX, in A. 

Checks tape status. If the tape unit is ready the con- 


tents of A will be zero. 
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TAPE 
(292003 ) 


BCDTYP 
(Z9z00b ) 


TYP INP 


(292005 ) 


PACK 
(Z92z006 ) 


MATCH1 
(z9z007 ) 


This is the generalized magnetic tape read/write routine, 
When the routine senses a parity error, three reads or 


writes will be attempted followed by an error halt. 


Calling sequence; p PTA 
p+1 JP1l TAPE 
p+2 first word address 
p+3 last word address + 1 
p+4 address desired for 


return. Status left inA. 
Converts 6-bit BCD to 6-bit type code. Input in TEMPO. 
Output in A, 
Converts input type code to BCD. Uses TYPIN as a sub- 
routine, Recognizes the double codes’..' and eh. 
Input in TEMLTR, Output in TEMP2. 
Packs two BCD characters into one computer word. Con- 
tains an internal switch to determine if character should 
go in upper or lower location. Input is right adjusted 
BCD character in TEMP2. Output is stored indirectly as 
determined by BUFIND which must be set before entry to 
PACK. 
Searches symbol table for a match to the symbol just 
generated. The storage index for the new symbol is 
BUFCOL. MATCOL is the variable index for the symbol 


table and MATIND holds the last address of the symbol 


table. If a match is found, (A) is non-zero. 
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TYPIN 
(z9z008 ) 


OCTDEC 
(Z9Z009) 


DECBCD 
(z9z010) 


NUMPK 
(z92z012 ) 


OUTTYP 
(z9z013) 


BLKBUF 
(z9z014 ) 


DECOCT 
(292015 ) 


Input routine for the typewriter code. Stores charac- 
ter in TEMLTR. 
Octal-decimal conversion routine. Input in TEMPO. 
Result by digits of descending order in TEMP1, TEMP3, 
TEMP4 and TEMP5. 
Decimal to BCD conversion. Input in TEMP6. Output in 
TEMP2. 
Adds symbol table reference number to line containing 
label or branch. Calls PACK and DECBCD. The input 
digits are located in TEMP1, TEMP3, TEMP4 and TEMP5. 
The routine also adds a carriage return code at the 
end of the line. 
This is the generalized typewriter output routine. The 
calling sequence is as follows: 

P PTA 


p+l § JP1 OUTTYP 


p+2 first word address 
p+3 last word address + 1 
p+4 normal return 


Sets the buffer area to BCD blanks. 


BCD decimal to octal conversion. First pair of BCD 
character in TEMP6. Last pair in TEMP7. 12-bit 


result in TEMPO. 
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TYCON 
(292016 ) 


TAB/LC 
(z9z017) 


RESCOM 
(z9z018) 


CRSERR 
(z9z019) 


ADVLNE 
(z9z020 ) 


TA 


Ly. 


Executive control routine for the typewriter output. 
Calls BCDTYP for conversion and establishes an output 
buffer via the index OUTIND. The input buffer is index- 
ed by BUFIND. This routine also sets up the first and 
last word addresses for OUTTYP. 


Outputs tab and lower case shift to the typewriter. 


This routine compares the student response to the author 
supplied answers character by character. Spaces are ig- 
nored. The routine stops when an EOB code is encounter- 
ed. Contents of A are non-zero when a match has been 
made. 


This routine sets up OUTTYP for a course error message. 


This routine steps the index TYPBUF by increments of 
50 ---the number of storage words required to hold 
100 packed characters. It also sets the initial 
value of BUFIND. 

All symbolic codes with this prefix refer to the tape 
unit. 

All symbolic codes with this prefix refer to the 


typewriter. 
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